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ABSTRACT

The inclusion interaction of cucurbit[ 7]uril (CB[7]) with Betahistine Hy-
drochloride (BH) was studied using fluorescent probe titration method.
Significant quenching of the fluorescence intensity of the CB[7]-palmatine
(PAL) fluorescent probe was observed when BH was added, showing that
BH wasaccommodated into the hydrophobic cavitiesof CB[7]. The hydro-
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phobic interaction between CB[7] and BH mainly contributed to theforma-
tion of 1:1 type CB[7]-BH.The association constants of the complexes
formed between the host and the guest were determined. The competing
reaction and the supramolecular interaction mechanisms between the BH
and PAL as they fight for occupancy of the CB[7] cavity were studied
using spectrofluorimetry,*H NM R, and molecular modeling calculations.

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Cucurbit[n]uril (CB[n], n=5-8, 10) isamacro-
cyclic compound consisting of n glycoluril units con-
nected by 2n methylene bridges-3. The symmetrical
CBIn] hostsresembleahollow barrel with hydropho-
bic cavitiesand redtrictivepolar portdslinedwith ureido
carbonyl groups?3. Thesecharacteristicsenable CB[n]
toform significant stable complexeswith avariety of
guest moleculesin agqueous solution. Various organic
drugsand biologically relevant molecul es have been
encapsul ated by CB[n]“®!, Theformation of inclusion
complexesoften enhancesor disturbsthe photophysica
and photochemical properties of theincluded guest
molecules®. Anincreasing number of paperson different
CB[n] host-guest interactionswith awiderangeof com-

pounds have been reported over the last few yeard™ 9.
However, littleattention hasbeen devoted to their fluo-
rescent propertiesand potential andytical applications.
Megyes™ discovered that theformation of aninclusion
complex between CB[7] and berberine leads to im-
proved fluorescenceintensity. Lit™ studied thesupramo-
lecular interactionsof CBJ[ 7]-isoquinolinea ka oid com-
plex anditsgpplicationsto themolecul ar recognitionand
determination of isoquinolineadka oidsand other drugs,
owingtoitsexcdlent optica properties. Itisjust sarted
that theinteraction between thenon-fluorescent drug and
CBJ[n] hasbeen studied by fluorescent probestitration*2.
Fuorescent probe system consisting of CB[ 7] and PAL
fluorescent probewas successfully used for avariety of
non-fluorescent drug determination because of itshigh
sengitivity and sdlectivity!3,
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Betahistine hydrochloride (BH) isacategories of
vasodilatation. It has action of ectasiato the cardio-
vascular and cerebral vessels, especialy tothe arte-
rial system. A number of assays have been reported
for thedetermination of BH in biological and pharma-
ceutica samples, including HPLC1* and capillary elec-
trophoresi §*°. Spectrofluorometry isconsidered as
the most convenient analytical techniquein pharma-
ceutica analysis, owingtoitsinherent smplicity, high
sengitivity, and availability in most quality-controlled
and clinical laboratories*®l, Considering that aqueous
solutionsof BH have no nativefluorescence, they can-
not bedirectly determined through the normal fluori-
metric method. Hence, the development of afast,
smple, and highly sensitive spectrofl uorimetric method
for the determination of BH in aqueous solutionis
highly desirable.

Inour study, the supramolecular fluorescent probe
systemisbased on the competition between the guest
molecules and the probe mol ecul esfor the hydropho-
bic cavity of CB[7]. Such competition resultsin optica
property changes. In the absence of appropriate guest
species, theprobe moleculespartially resideinthehy-
drophobic cavity of the CB[ 7] and form stableinclu-
sion complexes. However, the presence of organic
analytesleadsto the decompl exation of the probe mol-
eculesand to aconcomitant decreasein fluorescence
intensity. To our knowledge, theuse of PAL asfluores-
cent probefor the determination of BH hasnot yet been
reported. The proposed method inthecurrent study is
fast, ample, and highly-sensitive. Thedetection limits
for BH is0.0042 ugmL, making the proposed method
more sensitive than any other method reported inthe
literature*”18l, The proposed procedure wastested for
the determination of drugsinther pharmaceutica dos-
ageformsandinurinesamples.

Hnalytical CHEMISTRY o

EXPERIMENTAL

Instruments

Fluorescence spectraand intensity measurements
wereobtained usngaHitachi F-4500 spectrofl uorimeter
equipped with a150 W xenon lamp (Japan). Thedlit
widthsof both excitation and emission monochroma
torswere set to 5 nm. Thefluorescence spectrawere
recorded at ascan rate of 1200 nm min. All measure-
mentswere performed using astandard 10 mm path-
length quartz cell at 25.0°C + 0.5 °C. The pH values
weremeasured usngapHS-3 TC digita precison pH
meter (Shanghai, China).*H NMR spectrawere ob-
tained using a Bruker DRX-600MHz spectrometer
(Switzerland) inD,0.

Reagent and chemicals

PAL and BH were obtained from the Chinese Na-
tional Institutefor the Control of Pharmaceutical and
Biological Products (Beijing, China) without further
trestment. BH aweredissolved in double-distilled wa
ter to prepare stock standard solutionsof 100 ug mL™2.
PAL wasdissolved in double-distilled water to prepare
stock solutionswith final concentration of 1.0 mM.
CBJ[ 7] was prepared and characterized according to
reported procedure?®, CB[ 7] stock solution of 1.0 mM
was prepared by dissolving CB[ 7] in double-distilled
water. Stock standard solutionswere stablefor several
weeks at room temperature. Standard working solu-
tionswere prepared by diluting the stock standard so-
lutionswith double-distilled water beforeuse. All other
chemica swereof analytica reagent grade, and double-
distilled water was used throughout the procedure.

Experimental procedure
0.8 mL solution of 0.1 mM CBJ7] was poured
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into a10 mL colorimetric flask, to which 0.8 mL of
the 0.1 mM PAL solution and 1.0 mL of 0.01 M
hydrochloric acid werea so added. Suitable amounts
of BH solution were then sequentially added to the
flask. Themixturewasdiluted to volumewith double-
distilled water and shaken for 15 min at room tem-
perature. The fluorescenceintensity values of the
solution (FPAL_CB[7]_BH) and the blank solution (F,
ce) Weremeasured at 495 nm using an excitation
wavelength of 343 nm.

RESULT AND DISCUSSION

The fluorescence quenching of CB[7]-PAL probe
by BH

Thefluorescencequenching of CB[7]-PAL by BH.
Significant quenching of fluorescenceintensity of the
CB[7]-PAL complex with the addition of BH was
observed. Thefluorescence spectraof the CB[7]-PAL
complex, inthepresence of different concentrations
of BH, areshown in Figure 2, respectively. Fluores-
cenceintensity decreased with increased BH concen-
tration, whichislikely dueto the competition between
BH and the PAL moleculesfor occupancy of the CB[ 7]
cavity. Partsof the PAL moleculecan beexpelled from
CBJ 7] cavity by theintroduction of the BH, thereby
reducing thefluorescenceintensity of CB[ 7]-PAL be-
cause of the formation of anew inclusion complex
between BH and CB[7].
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Figure?2: Fluorescencespectraof CB[7]-PAL inthepres

enceof BH in 1.0mM HCI aqueous solution with A =343

nm. Theconcentrationsof BH (pg mL™): (a) 0; (b) 0.6; (c)

1.2, (d)1.8; (6) 24C,,, =8.0.pM, BH, =9.0pM.
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Apparent association constant and stoichiometry

The addition of anonfluorescent host (H) resultsin
theformation of 1.1 host-guest inclusion complexes (H-
G) which, inturn, enhancesthefluorescence of theguest
(G). Thevaue of the enhanced fluorescenceisdepen-
dent on the concentration of theadded H, asshownin
thefollowing equation**2,

[HIK
(L+[HIK) 0
whereF isthefluorescenceintensity of Ginthe ab-
senceof H, F isthe observed fluorescenceintensity at
each H concentration tested, F,, isthe enhancement

when 100% of G iscomplexed, and K istheequilib-
rium associ ation congtant for the 1:1 compl exation.

F/F, =1+ (F,/F, 1)

H+G < H-G 2
_[H-G]
=il ®

The 1.1 complexation (and, hence, the applicabil-
ity of Eq. 1) can be confirmed from the doublerecipro-
cal plot of 1/(F/F,— 1) versus /[H]. Theplot will be
linear if only 1:1 complexation occursand will be non-
linear if higher-order complexesasoform.

In the interaction between CB[n] and PAL, the
equilibriumreactionisasfollows:

CB[n] +PAL <> CB[n]-PAL 4

The equilibrium association constant isdefined as
follows

_ [CB[7]-PAL]
CB[n]-COP [CB[7]][PAL] (5)

Figure 3 showed the enhancement of PAL fluo-
rescence as a function of added CB[7] . The inset
showsthelinear doublereciprocal plot (r = 0.998),
confirming the 1:1 stoichiometry of thecomplex. The
solid line showsthe best fit of thedatato Eq. 1 using
the nonlinear least squares method. Four such trials
wereperformed, yielding averagevaluesof K, .,
=(8.02+0.76) x 10° M1 for the CB[7]-PAL equi-
librium system.

Intheinteraction between CB[ 7] and BH, theequi-
librium equationisasfollows:
CB[7] +BH <> CB[7]-BH (6)

The equilibrium association constant isdefined as
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follows
_ [CB[7]-BHT]

CBITeHT = [CB7]][BHT] @)
When BH was added to the agueous sol ution of the
CB[7]-PAL complex, equilibriums(4) and (6) coexist
inthesolution. Thus, combining (4) and (6) givesthe
following equilibrium equation:

CB[n]-PAL +BH < CB[n]-BH +PAL (8)
Theequilibrium association constant isdefined as

follows

K = KCB[7]-BHT — [CB[7]'BHT][PAL]

[CB[7]-PAL][BHT]

KCB[?]—PAL ®©)
Wagner studied Eq. 1 and reported that it applies
whether thefluorescence being measured isthat of the
guest or thehost (i.e., they areinterchangeablein Egs.
2 and 3 because of the 1:1 complexation). In addition,
Eq.1 equdly appliesto themeasurement of fluorescence
guenching, as opposed to fluorescence enhancement
2. Theonly differenceisthat the F/F valuesareless
than 1.0in fluorescence quenching. Inthe present study,
the CB[ 7]-PAL complex was considered thehost mol-
ecule. Thus, Eq.1 can aso be applied to the quenching
of CBJ[7]-PAL complexes(host) fluorescencewith the
addition of BH (guest). Eq.1 can beused to determine
theequilibrium associ ation congtant K (Eq.9) fromthe
fluorescencetitration data of F/F  at afixed CB[7]-
PAL concentration asafunction of BH concentration.
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Figure 3: Fluor escence enhancement of thefluor escence of
a 2.0 uM solution of PAL asafunction of added CB[7] in 1.0
mM HCI aqueous solution with A_/A_ = 343/495 nm; the
solid line showsthe best fit of thedatato Eq. 1. Theinset
showsthelinear doublereciprocal plot indicating 1:1 com-
plexation.

Figure 4 showed the fluorescence quenching of
CB[7]-PAL complexeswith theaddition of BH. The
inset showsthelinear doublereciproca plot (r=0.999),
indicating theformation of a1:1 host-guest inclusion
complex between BH and CB[7]. Thesolid lineshows
the best fit of the datato EqQ. 1. Four such trialswere
performed, yielding averagevaduesof K=(3.58+0.72)
x 10°M-*forthe CB[7]-PAL + BH equilibrium system
(Figure7). The association constant value of K
s(EQ.7) can be cal culated according to Eq. 9: K s
g = (2.83£0.49) x 10™ M These values are ex-
tremely large, indicating very strong host-guest interac-
tionswith excellent size and shape matches. A com-
parison of A —— with S~ obvioudy resultsin
Kesmen > Kegzppa: THus, BH shows extremely
stronger bindingwith CBJ[7] than PAL. Accordingly,
considering the thermodynamic factor only, the PAL
molecul e can be expelled from the CB[ 7] cavitiesby
thetested drug molecules.
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Figure4: Fluorescence suppression of thefluor escence of
CBJ[7]-PAL asafunction of added BH in 1.0mM HCl aqueous
solution with A /A = 343/495 nm; the solid line showsthe
best fit of thedatato Eq. 1. Theinset showsthelinear double
reciprocal plot indicating 1: 1 complexation. C . =2.0uM,

CB[7]
C,p = 2.251M.

Effect of PAL concentration on the fluorescence
intensity of the CB[7]-PAL complex

Theeffect of varying PAL concentrationson the
fluorescenceintensity of the CBJ[7]-PAL complex was
studied. The concentration of PAL was varied from
1.0uM to 10.0uM for the CB[7]-PAL system. The
fluorescenceintensity of the CBJ[7]-PAL complex was
gradua ly enhanced asPA L concentration increased until
it reeched themaximumincluson equilibriumat CB[ 7]

Hnalytical CHEMISTRY o
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saturation. Inthe present paper, PAL served asafluo-
rescent probe; thus, determining the proper concentra-
tionwascrucial. If the PAL concentrationistoo low,
thesengtivity of theprobewill dsobelow. Conversdy,
avery high concentration may not help determinethe
optimum detection limit of theana yte. Taking every-
thing into consideration, theoptima PAL concentration
was 9.0uM for CB[7]-PAL complex.

Influenceof pH

Theeffect of pH on AF was studied over the pH
range of 1.0 to 12.0. Theresultsindicate that AF is
maximum and amost constant inthepH rangeof 1.0to
7.0. However, AF significantly decreased with further
increasesin pH. Thereason isthat alkali cationsare
readily coordinated to the carbonyl-fringed portal s of
CB[7] inakalinemedium. Binding of theakali cation
lowerstherate constant of theingressof organic guests
ingression. Results show that the presence of sodium
sdtsinakainemediumlowersnot only theequilibrium
constant of PAL binding with CB[7] but dso thefluo-
rescencequantumyield. Hence, using hydrochloricacid,
the pH was adjusted to 3.0, which wasthe desired pH
for al subsequent experiments.

I nfluence of temperatureand reaction time

Theeffect of temperatureon AF wasexamined within
10°Cto 80 °C. All formed complexes were stable up
t035°C. Above 35 °C, the fluorescence intensity greatly
decreased dueto the dissociation of the complexes at
hightemperatures. Hence, dl subsequent measurements
were performed at room temperature.

Inaddition, AF reached amaximumwithin 10 min
after the BH was added and remained constant for at
least 5 h. Hence, the standard reaction condition was
set to room temperaturefor 10 min.

Theresponsemechanism of thefluorescent probe.

PAL exhibitsweak fluorescenceemissonin ague-
ous sol ution because theisoquinoline and the substi-
tuted benzeneringsin PAL are not onthe sameplane.
Thisconfiguration preventsaconjugated system from
being formed. When CBJ[ 7] was added into the aque-
oussolutionof PAL, thee ectrogteti c attraction between
the positive charge of the heterocyclic nitrogen of the
PAL and the high eectron density of the carbonyl
oxygensof the macrocyclewasinduced. Theapolar

—= Fyll Poper

part of PAL can penetrateinto the host cavity. Inside
thecavity, thedegree of freedom of motion of the PAL
moleculeisreduced, thus a so reducing the probability
of radiationlesstransition. At the sametime, the cavity
can shield theexcited single state of PAL from prob-
ablequenching processesthat usualy occur in aqueous
solutions,

Molecular modeling cal culationswere optimized at
the B3LYP/6-31G(d) level of density functional
theory? using the Gaussian 03 program. Resultscon-
firmed thepartia inclusion of PAL inthehydrophobic
cavity of CB[7]. Thepartial immersion of PAL inthe
hydrophobic cavity of CB[7] reducesinteraction with
water. Thisstateresultsin aless polar microenviron-
ment which, inturn, leadsto fluorescence enhancemen.

When BH was added to the host-guest system of
CBJ[7]-PAL, the PAL and BH competed to occupy the
CBJ[ 7] cavity. Some parts of the PAL moleculewere
expelled fromthe CB[ 7] cavity withtheintroduction of
the BH. Theenergy-minimized Sructuresof CB[7]-BH
complex areshownin Figureb, themethyl islocatedin
thevicinity of acarbonyl-laced porta. Thephotochemi-
ca property of PAL isstrongly dependent onitslocal
microenvironment. Theaddition of the BH caused PAL
toloseitsprotectioninthe CB[7] hydrophobic cavity,
thusresultingin reduced PAL fluorescenceintengity. The
competitiveincluson modd isshowninFigure5.

Figure5: Energy-minimized structure of CB[7]-BH com-
plexesin theground stateusing ballsand tubesfor theren-
dering of atoms. Color codes. BH, green; CBJ[7], oxygen,
red; nitrogen, blue; carbon, gray; hydrogen, white.

Theformation of CB[7]-PAL complex had been
confirmed by *H NMR spectroscopy!*?. Theresults of
the'H NMR experimentsare cons stent with the theo-

retical structuresof the complex. Compared with the
proton resonances of the unbound BH molecules, the
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Figure6: 'H NM R spectra (600 M Hz) of CB[7] (a), BH (b), CB[7]-BH complex (c)
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sgnasof H,, H,, H,, H,, H, protonsof thebound BH
sgnificantly shifted upfield. Thisbehavior ischaracter-
igicof thispart of themoleculeencapsulated inthe CBJ[ 7]
cavity®l. Thechemica shift of theH,, H, H, protons
ispracticaly unchanged, which indicatesnegligiblein-
teraction with CB[7]. Thesefindingsindicatethat the
PAL moleculeswere expelled from the CB[ 7] cavity
duetotheaddition of BH. Theseresultsare cons stent
with theforegoing discussion.

In summary, combination of hydrophobicinterac-
tion of the cavity of CB[7] aswell asion-dipoleinter-
action between the carbonyl portal of CB[7] and N*
ion (of PAL, and BH) leadsto theformation of host-
gust complex. Because of theexcellent size and shape
matches, BH bound with CB[ 7] moretightly than PAL.

Effect of interfering substances

Prior to the application of the proposed
spectrofluorimetric method to real samples, the effect
of commonly used tabl et excipientson the determina-
tion of 0.2ug mL! of BH wasstudied under optimum
experimental conditions. A 3000-fold massin excess
of each substance over BH wasfirst tested. Whenin-
terferenceoccurred, theratiowasprogressively reduced
until theinterference ceased. Thetolerancelimit was
defined astheratio of the concentration of theforeign
speciestothat of BH whichresultedinanerror of less
than+ 5%. Theresultsare shownin TABLE 1. The
determination wasobvioudy free of interferencefrom
theusual excipients. During thetesting of real samples
for the determination of pharmaceutical preparations,
no other interfering substanceshaving smilar structure
with BH in excipientswere observed. Thus, no back-
ground interference was present, indicating good se-
lectivity inthe method used to test the drug in both raw

—— Fyll Peper

TABLE 1: Effect of interference(toleranceerror +5.0%)

Toleranceratio

in mass Interference

3000 Starch, glucose, sucrose, lactose,
sorbitol, mannitol, boracic acid,

2000 Methyl cellulose, CI-,PO,*,

1500 Glycin,

1000 Sodium hydroxymethyl cellulose,
gum acacia power, tryptophan,

500 Sodium carboxymethyl cellulose,

100 NH,", Na*, K, ascorbic acid

50 Mg*, Zn*, Ca&*, Fé?
0.3 Alanine, cysteine, valine, cystine,
phenylalanine,

material and dosageforms.
Calibration graph and sensitivity

Under the optimum experimental conditionsde-
scribed above, alinear relationship between AF inten-
sity and the concentration of BH was obtained inthe
range of 0.011-2.6 ug mL™. A correlation coefficient
of 0.9997 and adetection limit of 0.0042 ug mL* were
asodetermined. Thelinear regression equation obtained
was AF = 2392.2C + 15.653. The proposed method
proved to havehigher sengtivity than any other spectra
method for determining BH reported intheliterature.

The proposed fluorescent probewas gppliedinthe
determination of BH in pharmaceutical preparations. Ten
tabletsof BH were carefully pulverized. From thispow-
der, an equivaent of 10 mg of BH was accurately
weighed, placedinsdea100 mL cdibrated flask, dis-
solvedin 20 mL water, and swirled and sonicated for 3
min. Theresulting solutionwasdiluted to volumewith
water. Thefirst 10 mL of thefiltratewasdiscarded, after
which 10mL of theremainingfiltered sample solution

TABLE 2: Analytical resultsand recovery testsof BH in phar maceutical formulation

L abel daim Fluor escent probe method Refer ence method
Drugs (mg/grain) Found Equivalent nominal Recovery(%) Found Equivalent nominal
(mg/grain) content (%) + S.D? +SD? (mg/grain)  content (%) + S.D*
BHP 10 9.93 99.3+0.54 99.65+0.59 9.853 98.53+0.68
(t,1.54; F, 2.92)
BH® 5 4.88 97.60+0.72 97.82+0.78 4.847 96.94 +0.82

(t,1.65; F, 3.18)

@ Aver age of five determination. (The tabulated values of t and F at the 95% confidence limit aret = 2.31 and F = 6.39.)
b BH Tablets (Tianjin Lisheng Pharmaceutical Co., Ltd, Tianjin, China)
¢ BH Tablets (Shanxi Tongda Phar maceutical Co., Ltd, Shanxi, China)
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wasdiluted to 100 mL with double-ditilled water. Fur-
ther dilutionswere performed to obtain the sample solu-
tionsusing thesametesting methods asdescribed in ex-
perimental procedure. The results are presented in
TABLE 2. Theconcentrationsof BH determined using
the proposed fluorescent probe are consistent with the
obtained through methodsfound intheliterature. The
rel ative standard deviationsobtained from the proposed
method werelessthan 1.00%. Moreover, thet- and F-
tests showed that the proposed method had better pre-
cisionand accuracy compared withthemethod. There-
coverieswereintherange of 97.82%10 99.65%.

CONCLUSION

Thenew fluorescent probe system for CB[ 7]-PAL
complexeswasdevisad for thedetermination of anaytes
Consdering the significant quenching observed inthe
fluorescenceintengity of CB[7]-PAL inthe presence of
BH, the spectrofluorimetric method devel oped was of
high sensitivity and sdlectivity for the determination of
BH inagueous solution. The proposed method ismore
sensitivethan the other spectral methodsreportedin
theliterature. Moreover, the method had been success-
fully applied tothedetermination of BH initspharma-
ceutica dosageforms. Thismethod canadsobeusedin
afluorescence sensor for the detection of non-fluores-
cent or weakly fluorescent substances. Related studies
arein progressin our laboratory. At thesametime, the
interaction models of the supramol ecular complexes
were established through theoretica calculations. The
interaction mechanism between the fluorescent probe
and BH wasconfirmed viathe*H NMR spectrum. The
association congtants of the complexesformed between
the host and the guest were calculated.

ACKNOWLEDGEMENT

Thiswork was supported by the National Natural
Science Foundation of China(No. 21171110) and the
Research Fund for the Doctoral Program of Higher
Education of China(N0.20091404110001). Helpful
suggestionsby anonymousrefereesaread so gratefully
acknowledged.

REFERENCES

[1] W.A.Freeman, W.L.Mock, N.Y.Shih; JAmM.Chem.

103, 7367-7368 (1981).

[2] A.Day,A.PArnold, R.J.Blanch, B.Snushall; J.Org.
Chem., 66, 8094-8100 (2001).

[3] SangYongJon, Narayanan Selvapalam, Dong Hyun
Oh, Jin-Koo Kang, Soo-Young Kim, Young Jin Jeon,
JaeWook L ee, Kimoon Kim; Am.Chem.Soc., 125,
10186-10187 (2003).

[4] Q.Zhang,Z.Zhen,H.Jiang, X.GLi, JA.Liu; JAgric.
Food.Chem., 59, 10539-10545 (2011).

[5] M.D.Pozo, L.Hernandez, C.Quintanaa; Talanta, 81,
1542-1546 (2010).

[6] K.A.Connors, Chem.Rev., 97, 1325-1358 (1997).
[7] JW.Lee S.Samd, N.Selvapalam, H.JKim, K.Kim;
Acc.Chem.Res., 36, 621-630 (2003).

[8] W.M.Nau, J.Mohanty; International
Photoenergy, 7, 133-141 (2005).

[9] S.Liu, C.Ruspic, PMukhopadhyay, S.Chakrabarti,
P.Y.Zavalij, L.lsaacs; JAm.Chem.Soc., 127,
15959-15967 (2005).

[10] M.Megyesi, L.Biczok, I.Jablonkai; J.Phys.Chem.,
112, 3410-3416 (2008).

[11] C.FLi, L.M.Du, W.Y.Wu, A.Z.Sheng; Talanta, 80,
1939-1944 (2010).

[12] W.Y.Wu, J.Y.Yang, L.M.Du, H.Wu, C.F.Li;
Spectrochim.Acta, Part A, 79, 418-422 (2011).

[13] Y.X.Chang, Y.Q.Qiu, L.M.Du, C.F.Li, M.Guo;
Analyst, 136, 4168-4173 (2011).

[14] A.EM.EI-Walily, O.A.Razak, S.F.Beld, R.S.Bakry;
Journal of Pharmaceutical and Biomedical Analy-
Sis, 21, 439-449 (1999).

[15] Rajeev Jain, Rajeev Kumar Yadav, Jahangir Ahmad
Rathe; Colloids and Surfaces A: Physicochem.
Eng.Aspects, 366, 63-67 (2010).

[16] S.Nigam, G.Durocher; J.Phys.Chem., 100, 7135-
7142 (1996).

[17] B.D.Wagner, P.G.Boland, J.Lagona, L.Isaacs;
J.Phys.Chem., 109, 7686-7691 (2005).

[18] A.M.Pena, F.Salinas, M.J.Gomez, M.I.Acedo,
M.S.Pefa; J.Inclusion Phenom.Mol.Recognit.
Chem., 15, 131-143 (1993).

[19] B.D.Wagner, S.J.Fitzpatrick, GJ.McManus; J.Incl.
Phenom.Macrocyclic.Chem., 47, 187-192 (2003).

[20] C.Lee, W.Yang, R.GParr; Phys.Rev., 37, 785-789
(1988).

[21] (a) D.Becke; J.Chem.Phys., 88, 2547-2553 (1988);
(b) Phys.Rev., 38, 3098-3100 (1988).

[22] S.N.Pashkeev, K.Van Benthem, S.T.Pantelides,
S.J.Pennycook; Phys.Rev. 38, 3098-3100 (1988).

[23] W.L.Mock, N.Y.Shih; J.Org.Chem., 51, 4440-446
(1986).

J.of

HAnalytical CHEMISTIOPC o
Au Tudian Yournal



